This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the appHcant. 

Defects in the images may include (but are not Hmited to): 



BLACK BORDERS 

TEXT CUT OFF AT TOP, BOTTOM OR SIDES 
FADED TEXT 
ILLEGIBLE TEXT 
SKEWED/SLANTED IMAGES 
COLORED PHOTOS 

BLACK OR VERY BLACK AND WHITE DARK PHOTOS 
GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



(19) 



J 



Europgisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(43) Date of publication: 

23.01 .2002 Bu lletin 2002/04 

(21) Application number 01117473.7 

(22) Date of filing: 19.07.2001 



(11) EP 1 174 600 A2 

EUROPEAN PATENT APPLICATION 

(51) intci7: F01N3/08. F01 N 3/20 



(84) Designated Contracting States: 


• Ishlyama, Shinobu 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Toyota-shi, Alchl-ken 471-8571 (JP) 


MC NLPTSETR 


• Ohtsubo, Yasuhiko 


Designated Extension States: 


Toyota-shI, Aichi-ken 471-8571 (JP) 


AL LT LV MK RO SI 


• Magarida, Naof uml 




Toyota-shi, Aichi-ken 471-8571 (JP) 


(30) Priority: 21.07.2000 JP 2000221548 


• Shibata, Daisuke 




Toyota-Shi, Aichl-ken 471-8571 (JP) 


(71) Applicant: TOYOTA JIDOSHA KABUSHIKI 


• Negami, Akihiko 


KAISHA 


Toyota-shI, Alchl-ken 471-8571 (JP) 


Aichl-ken 471-8571 (JP) 


• Oda, Tomlhisa 




Toyota-shI, Aichl-ken 471-8571 (JP) 


(72) Inventors: 


• Harada, Yasuo 


• KobayashI, Masaaki 


Toyota-shi, Aichi-ken 471-8571 (JP) 


Toyota-shI, Alchl-ken 471-8571 (JP) 


• Ono, Tomoyuki 


• Matsushita, SoulchI 


Toyota-shi, Aichi-ken 471-8571 (JP) 


Toyota-shI, Aichl-ken 471-8571 (JP) 


• Tsukasaki, Yuklhiro 


(74) Representative: 


Toyota-shI, Aichi-ken 471-8571 (JP) 


Leson, Thomas Johannes Alois, Dipl.-ing. 


• Matsuoka, HIrokl 


TIedtke-BQhIlng-Klnne & Partner GbR, 


Toyota-shI, Aichl-ken 471-8571 (JP) 


TBK-Patent, Bavariaring 4 


• HayashI, Kotaro 


80336 l\AUnchen (DE) 


Toyota-shI, Aichl-ken 471-8571 (JP) 



CM 
< 



CD 



(54) Emission controi system and mettiod of Internal combustion engine 



(57) An emission control system for an internal com- 
bustion engine (1) includes a filter that collects particu- 
lates contained in an exhaust gas, and carries an NOx 
absorbent (17) thereon, filter regenerating means (9) for 
regenerating the filter by removing the particulates ac- 
cumulated on the filter, S-poisoning detennlning means 
(9) for determining whether the NOx absorbent is in a 
condition of S poisoning due to absorption of SOx con- 
tained In the exhaust gas, and S-poisoning recovery 
means (9) for recovering the NOx absorbent from S poi- 
soning. In the emission control system, when the S-poi- 
soning determining means determines that the NOx ab- 
sorbent is in the condition of S poisoning, the filter re- 
generating means is activated to remove the particu- 
lates, and the S-poisoning recovery means is then acti- 
vated to recover the NOx absorbent from S poisoning 
after removal of the particulates. 



FIG. 1 
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Description 

BACKGROUND OF THE INVEfMTION 
1. Field of the Invention 



[0001] The Invention relates in general_to an emis- 
sion control system for an internal combustion engine, 
and more particularly to such an emission control sys- 
tem Including means for removing nitrogen oxides 
(hereinafter refen-ed to as "NOx" where appropriate) 
contained in exhaust gases emitted from the internal 
combustion engine, and means for removing particulate 
matters contained in the exhaust gases. 

2. Description of Related Art 

[O0O2] Known types of emission control systems for 
purifying exhaust gas emitted from internal combustion 
engines use a catalytic converter incorporating a cata- 
lyst, and/or a particulate filter for removing particulates, 
including soot and so-called particulate matters, such 
as unburned fuel components, contained in the exhaust 
gas. The catalytic converter incorporates within its cas- 
ing a lean NOx catalyst, a three-way catalyst, or other 
types of catalyst. 

[0003] The lean NOx catalyst Indicated above is ca- 
pable of purifying exhaust gases emitted from internal 
combustion engines of compression ignition type or 
lean-burn type, including, for example, diesel engines 
and lean-bum gasoline engines. Examples of the NOx 
catalyst include a selective-reduction type NOx catalyst 
and an occlusion -reduction type NOx catalyst. 
[0004] Discussed in more detail, the occlusion-reduc- 
tion type NOx catalyst includes (a) a support fonned of 
for example, alumina (AI2O3), (b) at least one element 
earned on the support and selected from alkali metals 
such as potassium (K). sodium (Na). lithium (Li) and ce- 
sium (Cs). alkali earth metals such as barium (Ba) and 
calcium (Ca), and rare earth metals such as lanthanum 
(La) and yttrium (Y), and (c) at least one noble metal 
such as platinum (Pt) also earned on the support. 
[0005] The occlusion-reduction type NOx catalyst is 
capable of absorbing NOx when the air-fuel ratio of an 
exhaust gas that enters the NOx catalyst is fuel-lean, 
and is capable of releasing the absorbed NOx when the 
oxygen concentration of the exhaust gas is lower than 
a given limit. Thus, the occlusion-reduction type NOx 
catalyst functions to absorb and release NOx. 
[0006] In the internal combustion engine of compres- 
sion ignition type or lean-burn type as indicated above, 
the exhaust gas emitted in a nomnal operation of the en- 
gine Is fueMean, namely, the air/fuel ratio of the exhaust 
gas (hereinafter refen-ed to as "exhaust air/fuel ratio") is 
higherthan the stoichiometric value. Therefore, the NOx 
in the exhaust gas is absorbed by the NOx catalyst of 
the occlusion-reduction type when it is used for an emis- 
sion control system for the internal combustion engine 
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of the compression ignition type or lean-burn type. How- 
ever, the NOx occluding ability of the NOx catalyst is 
limited, and is eventually saturated or disabled to con- 
tinuously function to absorb NOx. resulting in releasing 
5 of NOx into the atmosphere without purification. 

[0007] To preventthe releasing of NOx into the atmos- 
phere, it is required to recover the original NOx occlud- 
ing ability of the occlusion- reduction type NOx catalyst. 
To this end, the NOx which has been absorbed In the 
10 NOx catalyst must be released so that the NOx catalyst 
is restored to the initial state. 

[0008] To effect the recovery of the NOx occluding 
ability of the occlusion-reduction type (hereinafter re- 
ferred to as "regeneration of the occlusion -reduction 
'5 type NOx catalyst), the NOx is released from the NOx 
catalyst by making the exhaust gas fuel-rich to thereby 
extremely reduce the oxygen concentration of the ex- 
haust gas entering the NOx catalyst. The exhaust gas 
is made fuel-rich in predetermined timing before the 
^0 NOx catalyst is saturated with the NOx. 

[0009] Although the mere releasing of the NOx per- 
mits the regeneration of the occlusion-reduction type 
NOx catalyst, this releasing of the NOx does not lead to 
removal of the NOx, which is the very function that 
^5 should be performed by the NOx catalyst. Moreover, the 
releasing of the NOx results in deterioration of the emis- 
sion from the internal combustion engine. In view of this, 
the fuel is continuously or intennittently injected through 
a nozzle provided at the exhaust port, depending upon 
30 the operating state of the internal combustion engine, 
so that the injected fuel functions as. a reducing agent 
to be added to an NOx absortDent of the NOx catalyst, 
for reducing the released NOx into Ng, to thereby re- 
move the released NOx. 
35 [0010] By the way, the exhaust gas emitted from the 
engine by combustion of the fuel also contains sulfur ox- 
ides (hereinafter referred to as "SOx" where appropri- 
ate), since the fuel includes a sulfur component. The 
SOx Is absort^ed by the NOx catalyst of the occlusion- 
^0 reduction type, by the same mechanism by which the 
NOx is absortDed, The NOx removal capability or effi- 
ciency of the NOx catalyst is reduced by the amount of 
the SOx absort^ed in the NOx catalyst. That is, the oc- 
clusion-reduction type NOx catalyst suffers from so- 
45 called "S poisoning", which Is deterioration of the NOx 
removing function of the NOx catalyst due to the absorp- 
tion of the SOx. The NOx catalyst suffering from the S 
poisoning must also be recovered. A treatment to recov- 
er the SOx-poisoned NOx catalyst will be referred to as 
50 an S-poisoning recovery process. 

[0011] To implement the S-poisoning recovery proc- 
ess, the exhaust gas that is fed to the NOx catalyst is 
made stoichiometric or fuel-rich, and the temperature of 
the NOx catalyst is raised to about 600-700*^0. The NOx 
55 catalyst is heated to such a high temperature, since the 
SOx is more difficult to be released than the NOx. 
[0012] In the diesel engine of compression ignition 
type, on the other hand, It is known to provide a partic- 
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ulate filter in an exhaust passage of the diesel engine, 
for trapping or collecting particulate matters contained 
in the exhaust gas. thereby to rennove the partbular nnat- 
ters. 

[0013] To prevent clogging or plugging of the particu- 
late filter with the particulate matters stored therein, the 
particulate matters need to be removed from the partic- 
ulate filter. A treatment to restore the particulate filter to 
its initial state in which the particulate matters are not 
contained therein is called "particulate filter regenera- 
tion process". The particulate filter regeneration is per- 
fonmed by burning the particulate matters. The particu- 
late matters may be burned at an elevated temperature, 
for example, at a temperature not lower than about 
500*C. 

[001 4] There is also known a technique to provide the 
particulate filter with a catalyst, for removing harmful 
components, such as hydrocariDon (HC), carbon mon- 
oxide (CO) and nitrogen oxides (NOx), contained in ex- 
haust gas, as well as simultaneously removing the par- 
ticulate matters. The particulate filter provided with the 
catalyst is called "catalyst-canying particulate filter". 
[001 5] However, the catalyst-carrying particulate filter 
is disabled to achieve its function of removing particulate 
matters ifthe filter is not placed atatemperatureof about 
500**C or higher. Generally, the particulate matters col- 
lected by the particulate filter are ignited and burned pro- 
vided that the temperature of the filter is about 500*C or 
higher. Below this temperature, the collected particulate 
matters gradually accumulate on the surface of the par- 
ticulate filter, since the catalyst-carrying particulate filter 
is a simply a combination of the particulate filter and the 
catalyst. As a result, the catalyst-carrying particulate fil- 
ter Is clogged with the particulate matters unless the fil- 
ter is exposed to a hot exhaust gas of about 500^C or 
higher. 

[0016] The temperature of the exhaust gas usually 
emitted from the diesel engine is lower than 500*C. 
Therefore, the temperature of the catalyst-carrying par- 
ticulate fitter is required to be positively raised to about 
500*C or higher, by some heating means other than the 
hot exhaust gas usually emitted from the diesel engine. 
In this respect, it is noted that the temperature of the hot 
exhaust gas usually emitted from the diesel engine is 
not high enough to permit the S-polsonIng recovery 
process, which can be achieved at a highertemperature 
of about 600-700*C. 

[0017] J P-A- 10-3067 17 discloses an example of a 
technique for raising the temperature of the exhaust gas 
to a level high enough to pemnit the S-poisoning recov- 
ery process, in view of the above circumstances. 
[0018] If the catalyst-carrying particular filter is ex- 
posed to the fuel-rich exhaust gas whose temperature 
is high enough to penult the S-poisoning recovery proc- 
ess while the particulate matters are accumulated on the 
catalyst-canying particulate filter, the particulate mat- 
ters are instantaneously burned out since the tempera- 
ture at which the particulate matters are nonmally burned 



is lower than the temperature required for performing 
the S-poisoning recovery process. In addition, the par- 
ticulate filter may be heated to an unnecessarily high 
temperature, with a large amount of themnal energy be- 

5 ing produced as a result of burning of a large amount of 
the particulate matters accumulated on the filter. As a 
result, the catalyst-carrying particulate filter may deteri- 
orate due to exposure to the thermal energy, resulting 
in a risk of deterioration of the NOx reducing ability of 

10 the catalyst. 

SUMMARY OF THE INVENTION 

[0019] It is therefore an object of the invention to pro- 

15 vide an emission control system for an internal combus- 
tion engine, which includes a catalyst-carrying particu- 
late filter from which particulate matters, such as soot, 
are removed so that burning of the particulate matters 
is restricted, thereby preventing thennal deterioration of 

20 the catalyst-canrying particulate filter. 

[0020] To accomplish the above object and/or other 
ob]ect(s), one aspect of the invention provides an emis- 
sion control system for an internal combustion engine, 
which comprises: (a) a filter that collects particulates 

25 contained in an exhaust gas, and carries an NOx ab- 
sorbent thereon, the NOx absorbent absorbing NOx 
contained in the exhaust gas when an air-fuel ratio of 
the exhaust gas is lean, and releasing the absorbed 
NOx when an oxygen concentration of the exhaust gas 

30 is reduced; (b) filter regenerating means for regenerat- 
ing the filter by removing the particulates accumulated 
on the filter; (c) S-poisoning determining means for de- 
temnining whether the NOx absortDent is in a condition 
of S poisoning due to absorption of SOx contained in 

35 the exhaust gas, in addition to the NOx; and (d) S-poi- 
soning recovery means for recovering the NOx absorb- 
ent from S poisoning. In this emission control system, 
when the S-poisoning determining means determines 
that the NOx absorbent Is in the condition of S poisoning, 

"^0 the filter regenerating means is activated to remove the 
particulates, and the S-poisoning recovery means is 
then activated to recover the NOx absorbent from S poi- 
soning after removal of the particulates. 
[0021 ] in the emission control system constructed as 

45 described above, when the S-polsonIng determining 
means determines that the NOx absort>ent is in the con- 
dition of S poisoning, the filter regenerating means is 
first activated to remove the particulates, and the S-poi- 
soning recover means is then activated to recover the 

so NOx absorbent from S poisoning after the removal of 
the particulates is finished. With this arrangement, when 
the NOx absorbent needs to recover from S poisoning, 
the recovery process starts only after the particulates 
are removed. During the S-poisoning recovery process, 

55 therefore, the temperature of the partbulate filter does 
not rise due to burning of the particulates, and the filter 
does not deteriorate due to heat generated by the burn- 
ing of the particulates. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



[0022] The above and other objects, features, advan- 
tages, and technical and industrial significance of this 
invention will be better understood by reading the fol- 
lowing detailed description of exemplary embodiments 
of the invention, when considered in connection with the 
accompanying drawings, in which: 

Fig. 1 is a view showing a general arrangement of 
an internal combustion engine that employs an 
emission control system according to the invention; 
Fig. 2 is a cross sectional view taken along line 1-1 
of Fig. 1 ; 

Fig. 3 is a flowchart illustrating a control routine ex- 
ecuted by the emission control system for the en- 
gine, which is constructed according to a first em- 
bodiment of the invention; 

Fig. 4 is a flowchart illustrating a control routine ex- 
ecuted by the emission control system for the en- 
gine, which is constructed according to a second 
embodiment of the invention; 
Fig. 5 is a flowchart showing details of step S402 of 
the control routine of Fig. 4; 
Fig. 6 is a flowchart showing details of step S403 of 
the control routine of Fig. 4; and 
Fig. 7 is a flowchart showing details of step S404 of 
the control routine of Fig. 4. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0023] Referring first to Fig. 1 , there is shown a gen- 
eral arrangement of an internal combustion engine 1 
that employs an emission control system constructed 
according to the invention. The internal combustion en- 
gine 1 is an in-line four-cylinder diesel engine of com- 
pression ignition type. Each of the cylinders has a com- 
bustion chamber which is supplied with air through an 
intake pipe 3 and an intake manifold 2. 
[0024] The intake pipe 3 is provided at its inlet end 
with an air cleaner 4, and at its intermediate portion with 
an airflow meter 5, a compressor 6a of a turbocharger 
6, an intercooler 7, and a throttle valve 8 that Is operable 
to adjust the quantity of air to be Introduced Into the In- 
take manifold 2. 

[0025] The airflow meter 5 generates an output signal 
indicative of the quantity of air introduced into the intake 
pipe 3 through the air cleaner 4. This output signal is fed 
to an electronic engine control unit (ECU) 9 that controls 
the engine 1 . The ECU 9 has a digital computer includ- 
ing a read-only memory (ROM), a random access mem- 
ory (RAM), a central processing unit (CPU), an input port 
and an output port, which are interconnected with each 
other through a bidirectional bus. The engine 1 is pro- 
vided to control the engine 1 . 

[0026] When the output signal of the airflow meter 5 
is fed to the ECU 9 through the input port, the CPU cal- 



culates an intake air quantity Ga on the basis of the re- 
ceived output signal of the airflow meter 5. The intake 
air quantity Ga is the quantity of the air Introduced into 
the intake pipe 3 per unit time. 
5 [0027] A fuel injector 1 0 is provided to inject a fuel (e. 
g., light oil) into the combustion chamber of each cylin- 
der of the engine 1 . The fuel stored in a fuel tank (not 
shown) is delivered by a fuel pump 12 to a common rail 
11 through which the fuel injectors 1 0 for the respective 
10 combustion chambers are supplied with the fuel. The 
amount of the fuel that should be injected through each 
fuel injector 10 is calculated by the CPU of the ECU 9, 
on the basis of the operating state of the engine 1 . 
[0028] The fuel pump 1 2 is driven by a crankshaft (not 
15 shown) of the engine 1 . The timing at which each fuel 
injector 10 is opened and the period for which the fuel 
Injector 1 0 Is held In the open state are controlled by the 
ECU 9 on the basis of the operating state of the engine 1 . 
[0029] Exhaust gases emitted from the combustion 
20 chambers of the cylinders of the engine 1 are dis- 
charged into an exhaust manifold 14 communicating 
with exhaust ports 13 of the respective combustion 
chambers through respective branch passages. In Fig. 
1, the four cylinders of the engine 1 are numbered in the 
25 direction from the right end to the left end of the engine 
1 . as first, second, third and fourth cylinders #1 , #2, #3 
and #4, respectively. 

[0030] The above-indicated branch passages corre- 
sponding to the exhaust ports 1 3 of the cylinders #1 -#4 
30 are identified by reference numerals 141 . 142, 143 and 
144, respectively. 

[0031 ] A connecting pipe 15 communicating with the 
turbocharger 6 is connected to one of opposite end por- 
tions of the exhaust manifold 14, namely, to the left end 
35 portion (in Fig. 1 ) of the exhaust man if old 1 4 which cor- 
responds to the fourth cylinder #4. A turbine 6b of the 
turbocharger 6 is connected to one end of an exhaust 
pipe 1 6. The exhaust gas is fed from the exhaust man- 
ifold 14 to the turbine 6b of the turt^ocharger 6 through 
40 the connecting pipe 15. The turbine 6b is rotated by the 
exhaust gas, so that the compressor 6a connected to 
the turbine; 6b Is rotated to pressurize the intake air 
which has been introduced into the intake pipe 3. The 
exhaust ports 1 3, exhaust manifold 1 4. connecting pipe 
and exhaust pipe 1 6 cooperate with each other to define 
an exhaust passage of the engine 1 . This exhaust pas- 
sage ends at the outlet end of the exhaust pipe 16. 
[0032] The exhaust gas introduced into the exhaust 
pipe 1 6 through the turbine 6b is discharged into the at- 
50 mosphere through a muffler. A catalyst-carrying partic- 
ulate filter 18 (hereinafter referred to simply as "partic- 
ulate filter 18") is disposed in a portion of the exhaust 
pipe 1 6 between the turbine 6b and the muffler. The par- 
ticulate filter 1 8 carries an occlusion-reduction type NOx 
55 catalyst 17 (or NOx absortDent). This NOx catalyst 17 
will be described in detail. 

[0033] The exhaust pipe 16 is provided with a pres- 
sure sensor 120 disposed at a position immediately up- 
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stream of the particulate filter 1 8. and a pressure sensor 
130 disposed at a position immediately downstream of 
the particulate filter 18. The pressure sensor 120 is 
adapted to detect the pressure of the exhaust gas im- 
mediately before the exhaust gas enters the particulate 5 
filter 18, while the pressure sensor 130 is adapted to 
detect the pressure of the exhaust gas immediately after 
the exhaust gas has left the particulate filter 18. An ac- 
tual value of a pressure difference Pd across the partic- 
ulate filter 1 8 can be calculated on the basis of the output 
signals of thepressure sensors 120, 130. The actual val- 
ue of the pressure difference Pd will be hereinafter re- 
ferred to as "actual pressure difference Pd across the 
particulate filter 18". 

[0034] The NOx catalyst 17 of occlusion-reduction 
type may be replaced by an NOx catalyst of selective- 
reduction type. 

[0035] A fuel Injecting nozzle 19 Is attached to a cyl- 
inder head 30 of the engine 1 such that the fuel injecting 
nozzle 19 is open to the exhaust port 13 of the fourth 
cylinder #4, which is located at the leftmost end of the 
exhaust manifold 1 4, as seen in Fig. 1 . The fuel injecting 
nozzle 19 is connected to the fuel pump 12 via a fuel 
pipe 20, and a fuel passage 21 fonned through the cyl- 
inder head 30, so that the pressurized fuel Is delivered 
from the fuel pump 12 to the fuel injecting nozzle 19. 
The fuel pipe 20 is provided with a control valve 22, 
which controls an amount of the fuel to be injected from 
the fuel injecting nozzle 19 Into the exhaust port 13 of 
the cylinder #4. The ECU 9 controls the opening and 
closing actions and the degree of opening of the control 
valve 22. 

[0036] Referring next to the cross sectional view of 
Fig. 2 taken along line 2-2 of Fig. 1 , the fuel Injecting 
nozzle 19 is positioned In the cylinder head 30 such that 
the fuel injected from the outlet of the nozzle 19 is di- 
rected toward the connecting pipe 15. 
[0037] The emission control system according to this 
embodiment of the Invention includes reductant supply- 
ing means for supplying the particulate filter 18 with a 
reducing agent. The reductant supplying means is con- 
stituted by the fuel pump 1 2, the fuel pipe 20, the control 
valve 22, the fuel passage 21 and the fuel injecting noz- 
zle 19. As described above, the control vah^e 22 is ar- 
ranged to control the amount of the fuel to be Injected 
from the nozzle 19. In the Instant embodiment, the fuel 
for the internal combustion engine 1 is used as the re- 
ducing agent. Thus, the reductant supplying means 
functions as fuel supplying means for supplying the par- 
ticulate filter 1 8 with the fuel. Since the present internal 
combustion engine 1 is a diesei engine operable with 
light oil, the light oil serves as the reducing agent In this 
embodiment. 

[0038] To control the amount of fuel to be injected from 
the fuel injecting nozzle 1 9, the control valve 22 is con- 
trolled by the CPU of the ECU 9 according to a known 
application program. Thus, the ECU 9 serves as supply- 
amount control means for controlling the amount of sup- 



ply of the reducing agent to the particulate filter 1 8. 
[0039] It will be understood that the fuel Injecting noz- 
zle 19 from which the fuel is delivered as the reducing 
agent serves as an outlet of the reductant supplying 
means. The fuel injecting nozzle 1 9 serving as the outlet 
of the reductant supplying means Is disposed in a por- 
tion of the exhaust passage which is upstream of the 
occlusion-reduction type NOx catalyst 1 7, so that the fu- 
el delivered from the nozzle 19 Is supplied to the NOx 
catalyst 17 of the particulate filter 18. As described be- 
low, fuel-addition determining means is provided to de- 
tenmine whether the reductant supplying means is re- 
quired to add or supply the fuel to the NOx catalyst 1 7. 
[0040] The fuel-addition detemnining means may be 
arranged to estimate the amount of NOx which has been 
absorbed in the NOx absorbent of the NOx catalyst 17. 
This estimation Is effected on the basis of the past op- 
erating state of the internal combustion engine 1 . In this 
case, the fuel-addition determining means detemiines 
that the reductant supplying means should be activated 
to add the fuel, when the estimated amount of NOx has 
increased to a predetermined threshold value. This 
function of the fuel-addition determining means is per- 
formed by the CPU of the ECU 9 according to a suitable 
application program. Thus, the ECU 9 is.considered to 
serve as the fuel-addition determining means. 
[0041] The suitable amount of fuel to be supplied by 
the reductant supplying means varies depending upon 
the estimated amount of NOx. In other words, the 
amount of fuel to be injected from the fuel injecting noz- 
zle 19 is detennined based on the estimated amount of 
NOx, and the thus determined amount of fuel is injected 
by operating the reductant supplying means for a suita- 
ble length of time corresponding to the estimated 
amount of NOx, so as to reduce the oxygen concentra- 
tion of the exhaust gas that enters the to the occlusion- 
reduction type NOx catalyst 16. As a result, the NOx 
which has been absorbed in the NOx catalyst 17 is re- 
leased and reduced into N2. 

[0042] An exhaust gas recirculating pipe (hereinafter 
abbreviated to "EGR pipe") 23 is connected at Its inlet 
end 23a to the other end portion of the exhaust manifold 
14, that is, to the right end portion of the exhaust man- 
ifold 14 as seen Fig. 1, which corresponds to the first 
cyllnder#1 of the engine 1. The EGR pipe23 is provided 
to return a portion of the exhaust gas to the Intake sys- 
tem. The EGR pipe 23 is connected at its outlet end to 
the intake manifold 2 of the intake system. With the Inlet 
end 23a of the EGR pipe 23 held In communication with 
the right end portion of the exhaust manifold 14, the ex- 
haust emissions from the four cylinders #1-#4 tend to 
flow toward and merge at the right end portion of the 
exhaust manifold 1 4. 

[0043] TTie EGR pipe 23 is provided with an EGR 
cooler 24 and an EGR vafve 25. 
[0044] The EGR cooler 24 functions as a heat ex- 
changer for exchanging heat between the cooling water 
for the engine 1 and the exhaust gas flowing through the 
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EGR pipe 23 (which will be referred to as "EGR gas") 
The EGR cooler24 includes a water conduit (not shown) 
through which the cooling water flows, and an EGR gas 
conduit through which the EGR gas flows in direct con- 
tact with the water conduit. The temperature of the EGR 
gas flowing from the EGR cooler 24 toward the ERG 
valve 25 through the ERG pipe 23 Is lowered by a trans- 
fer of heatfrom the EGR gas to the cooling waterflowing 
through the water conduit while the EGR gas is flowing 
through the EGR gas conduit. In contact with the water 
conduit. 

[0045] The degree of opening of the EGR valve 25 is 
controlled by the ECU 9, depending upon the operating 
state of the engine 1, so as to control the EGR rate It 
will be understood that the EGR pipe 23, the EGR cooler 
24 and the EGR valve 25 cooperate with each other to 
constitute an exhaust gas recirculating system (EGR 
system) 100. a j \ n 

[0046] An exhaust temperature sensor 17a is at- 
tached to a portion of the exhaust pipe 16 which is im- 
mediately downstream of the particulate filter IS This 
temperature sensor 17a generates an output signal in- 
dicative of a temperature Tc of the exhaust gas which 
has left the particulate filter 18 (hereinafter referred to 
as "filter-downstream exhaust gas temperature") The 
output signal of the exhaust temperature sensor 1 7a is 
fed to the ECU 9 via the input port. This output signal is 
used to obtain various temperature information such as 
the temperature of the occlusion-reduction type NOx 
catalyst 17 carried on the particulate filter 18, and the 
temperature of the particu late filter 1 8. The temperature 
of the NOx catalyst 1 7 may be used as an index indicat- 
tng whetherthe NOx catalyst 1 7 is nonnally or effectively 
operable, that is. an index indicating whether an activa- 
tion temperature at which the NOx catalyst 1 7 is activat- 
ed has been reached. The exhaust temperature sensor 
1 7a may be replaced by a temperature sensor disposed 
on the particulate filter 18 to obtain temperature Infor- 
mation on the occlusion-reduction type NOx catalyst 1 7 
[0047] The ECU 9 receives through its input port the 
output signal of an accelerator position sensor 26 and 
the output signal of a crankshaft position sensor 27 The 
output signal of the accelerator position sensor 26 is a 
voltage signal whose value Is proportional to the angle 
of opening of the throttle valve 8. On the basis of this 
voltage signal, the ECU 9 calculates the engine load Te 
The crankshaft position sensor 27 is arranged to gener- 
ate a pulse each time the crankshaft of the engine 1 is 
rotated by a predetemnined angle. Based on this pulse 
signal, the ECU 9 calculates the engine speed Ne 
[004«] The ECU 9 determines the operating state of 
the engine 1 on the basis of the engine load Te and 
speed Ne, and controls the fuel injectors 10 according 
to the determined operating state of the engine 1 De- 
scnbed more specifically, the ECU 9 determines the 
point of time at which each fuel Injector 10 is opened 
and the period of time for which the fuel injector 10 is 
held open. 



[0049] The occlusion-reduction type NOx catalyst 1 7 
housed in the particulate filter 1 8 includes (a) a support 
formed of alumina (AlaOg). for instance, (b) at least one 
element earned on the support and selected from alkali 
s metals, such as potassium (K), sodium (Na), lithium (Li) 
and cesium (Cs), alkali earth metals, such as barium 
(Ba) and calcium (Ca), and rare earth metals, such as 
lanthanum (La) and yttrium (Y). and (c) at least one no- 
ble metal, such as platinum (Pt) also carried on thesup- 
10 port. *^ 

[0050] The NOx catalyst 17 absorbs NOx when the 
exhaust air-fuel ratio (i.e.. A/F ratio of the exhaust gas) 
IS lean, and release the NOx absorbed therein as NO, 
or NO when the exhaust air-fuel ratio is made stoichio- 
'5 metric or rich so that the oxygen concentration of the 
exhaust gas is lowered. In the latter case, the NOx re- 
leased from the NOx catalyst 1 7 is Immediately reduced 
Into Ng by reaction with unbumed hydrocarbon (HC) and 
carbon monoxide (CO). 
20 [0051] With the above arrangement, the exhaust gas 
can be purified of hannful components, such as HC, CO 
and NOx, contained therein, by suitably controlling the 
exhaust air/fuel ratio. 

[0052] The exhaust air/fuel ratio is defined as a ratio 
ss of the total amount of air supplied into the engine 1 to 
the total amount of fuel (cartson monoxide) supplied into 
the engine 1 . The total amount of air includes an amount 
of air supplied to a portion of the exhaust pipe 16 up- 
stream of the particulate filter 1 8. an amount of air sup- 
30 plied to the combustion chambers, and an amount of air 
■supplied into the intake passage. Similarly, the total " 
amount of fuel includes an amount of fuel supplied to 
the above-indicated upstream portion of the exhaust 
pipe 1 6, an amount of fuel supplied to the combustion 
chambers, andanamountof fuelsuppliedintothe intake 
passage. When the fuel or reducing agent and the air 
are not supplied to the portion of the exhaust pipe 16 
upstream of the particulate filter 18, the air/fuel ratio of 
the exhaust gas is the same as the air/fuel ratio of the 
"o air-fuel mixture supplied to the combustion chambers of 
the engine 1 . 

[0053] In diesel engines, an air-fuel mixture used is 
considerably fuel-lean, that is, the air/fuel ratio (A/F ra- 
tio) of the air-fuel mixture is considerably higherthan the 
stoichiometric value (1 4 to 1 5). Accordingly, the exhaust 
gas which is emitted from the diesel engine 1 and to 
which the NOx catalyst 17 is exposed is considerably 
fuel-lean while the diesel engine 1 operates in a nonnal 
state. In this nonnal operating state, the NOx contained 
in the exhaust gas is absortsed in the NOx catalyst 17 
and the amount of NOx released from the NOx catalyst 
1 7 is extremely small. 

[0054] In gasoline engines, the NOx absorbed In the 
NOx catalyst can be released by controlling the air/fuel 
55 ratio of the air-fuel mixture to be supplied to the com- 
bustion chambers, to the stoichtometric value orto a val- 
ue lower (i.e.. richer) than the stoichiometric value, so 
as to make the exhaust air/fuel ratio stoichiometric or 
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rich, thereby reducing the oxygen concentration of the 
exhaust gas. In the diesel engines, however, the air/fuel 
ratio of the air-fuel mixture to be supplied to the com- 
bustion chambers cannot be made stoichiometric or rich 
as In the gasoline engines, because the diesel engines 
tend to suffer from problems such as production of soot 
if the air-fuel mixture is controlled to be stoichiometric 
or fuel-rich. 

[0055] In the diesel engines, therefore, it is required 
to supply or add a reducing agent to the exhaust gas for 
reducing the oxygen concentration of the exhaust gas 
to release and reduce the NOx absorbed in the NOx cat- 
alyst 1 7. at a suitable point of time before the NOx ab- 
sorbing ability of the NOx catalyst 17 is saturated. 
[0056] In view of the above, the emission control sys- 
tem Is arranged such that the ECU 9 estimates the 
amount of NOx absorbed In the NOx catalyst 1 7, on the 
basis of the past operating state of the engine 1 . When 
the estimated amount of NOx has increased to a prede- 
temnined threshold value, the ECU 9 commands the 
control valve 22 to be opened for a suitable length of 
time for injecting a suitable amount of fuel into the ex- 
haust gas through the fuel injecting nozzle 19, to thereby 
reduce the oxygen concentration of the exhaust gas that 
enters the NOx catalyst 1 7, so that the NOx absorbed 
In the NOx catalyst 17 Is released and reduced Into N2. 
Thus, the ECU 9 determines, on the basis of the oper- 
ating state of the engine 1 , whether the reductant sup- 
plying means as described above should be operated 
to supply the NOx catalyst 17 with the reducing agent 
inthefomiof thefuel. 

[0057] The determination as to whether the reductant 
supplying means should be operated is made according 
to the application program stored in the ROM of the ECU 
9. This application program uses a data map stored In 
the ROM. This data map defines the EGR rate as a func- 
tion of the engine speed Ne and the engine load Te. 
[0058] Described in detail, the EGR rate, which is a 
proportion of the volume of the exhaust gas to be intro- 
duced into the intake system through the ERG pipe 24, 
is obtained on the basis of the calculated engine speed 
Ne and load Te, and according to the stored data map. 
When the thus obtained EGR rate is held within a pre- 
determined range, the CPU of the ECU 9 determines 
that the reducing agent in the fonm of light oil should be 
injected from the fuel Injecting nozzle 1 9 Into the exhaust 
gas. When the EGR rate obtained does not fall within 
the predetemnined range, the CPU detemnines that the 
reducing agerrt should not be injected from the nozzle 
19. In this case, the injection of the reducing agent from 
the nozzle 1 9 is stopped or inhibited. Thus, the determi- 
nation as to whether the reducing agent should be in- 
jected or not is made by the CPU of the ECU 9 according 
to the application program and data map stored in the 
ROM. As described above, the ECU 9 serves as the fu- 
el-addition determining means for malcing the above- 
mentioned determination. 

[0059] When the ECU 9 serving as the fuel-addition 



detemnining means determines that the fuel should be 
added or injected from the fuel injecting nozzle 19, the 
delivery pressure of the fuel pump 12 is raised so as to 
increase the pressure of the fuel to be delivered from 

5 the nozzle 19, so that the pressurizedfueldeliveredfrom 
the nozzle 1 9 Is directed toward the connecting pipe 1 5. 
It will be understood that the fuel pump 1 2 and the ECU 
9 operable to control the fuel pump 1 2 cooperate to func- 
tion as delivery-pressure increasing means for increas- 

10 ing the delivery pressure of the fuel injecting nozzle 19 
when the ECU 9 serving as the fuel-addition detemnining 
means determines that the addition of the fuel as the 
reducing agent to the exhaust gas. 
[0060] The engine 1 equipped with the particulate fil- 

is ter 1 8 would suffer from the problem as described above 
with respect to the known emission control system, if no 
solution to the problem were provided. 

Rrst Embodiment 

20 

[0061] The emission control system according to the 
first embodiment of this invention employs a solution as 
described below, to prevent the problem of themnal de- 
terioration of the catalyst-canying particulate filter 18 

25 due to burning of the particulate matters. Briefly de- 
scribed, the emission control system according to the 
first embodiment is adapted to remove the particulate 
matters before the NOx catalyst 17 is subjected to the 
treatment to recover the catalyst 17 from S poisoning. 

30 This preliminary removal of the particulate matters is ef- 
fective to reduce the amount of heat generated due to 
burning of the particulate matters when the recovery 
process from the S poisoning is effected. 
[0062] Described in detail, the emission control sys- 

35 tern according to the first embodiment includes: (a) filter 
regenerating means for regenerating the particulate fil- 
ter 18 by removing the particulate matters accumulated 
on the particulate filter 18, (b) S-poisonIng detemnining 
means for comparing the amount of SOx absorbed in 

<o the occlusion-reduction type NOx catalyst 1 7 with a pre- 
detennined threshold, to determine whether the NOx 
catalyst 1 7 is suffering from S poisoning due to SOx ab- 
sorbed in addition to NOx in the NOx catalyst 17 in an 
amount that causes a significant reduction of the NOx 

^5 removal efficiency of the NOx catalyst 1 7; and (c) S-pol- 
sonlng recovery means for recovering the NOx catalyst 
17 from the S poisoning. When the S-poisoning deter- 
mining means determines that the NOx catalyst 17 is 
suffering from the S poisoning, the filter regenerating 

50 means is first activated to remove the particulate mat- 
ters absorbed in the NOx catalyst 1 7, and the S-poison- 
ing recovery means is then activated to effect the treat- 
ment or process to recover the NOx catalyst 1 7 from the 
S poisoning. 

55 [0063] The filter regenerating means may use any 
suitable means tor removing the particulate matters to 
recover the particulate filter 18. Preferably, the filter re- 
generating means includes means for buming out the 
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particulate matters collected by the particulate filter 18, 
by utilizing heat of the exhaust gas emitted from the en- 
gine 1 or heat generated by an electric heater provided 
in the engine 1 . The point of time at which the particulate 
matters are burned out by the heat of the exhaust gas s 
or electric heater Is determined depending upon the op- 
erating state of the engine 1 . 

[0064] The S-poisoning detemnining means may be 
arranged to compare the amount of SOx absorbed in 
the occlusion-reduction type NOx catalyst 1 7 with a pre- io 
detemiined threshold value above which the NOx cata- 
lyst 1 7 is considered to be suffering from the S poison- 
ing. The function of the S-polsonIng determining means 
is perfonned by the CPU of the ECU 9 according to a 
suitable application program. Thus, the ECU 9 is con- t5 
sidered to serve as the S-polsoning determining means. 
[0065] The S-polsonlng recovery means may be ar- 
ranged to control the exhaust gas that enters the occlu- 
sion-reduction type NOx catalyst 17. such that the ex- 
haust gas having a stoichiometric or rich air-fuel ratio is 20 
caused to flow into the NOx catalyst 17 while keeping 
the temperature of the NOx catalyst 17 at an elevated 
temperature of about 600-700**C. The function of the S- 
poisoning recovery means Is performed by the CPU of 
the ECU 9 according to a suitable application program. 25 
Thus, the ECU 9 is considered to serve as the S-poi- 
soning recovery means. 

[0066] The above-indicated threshold value of the 
amount of SOx which Is used by the S-poisoning deter- 
mining means is an upper limit of the SOx amount ab- 30 
sorbed in the NOx catalyst 17, above which the NOx 
catalyst 17 Is considered to be substantially poisoned' 
by the SOx. 

[0067] In the emission control system according to the 
first embodiment, the filter regenerating means is acti- 35 
vated to remove the particulate matters when the S-poi- 
soning detennining means constituted by the ECU 9 de- 
tennines that the occlusion-reduction type catalyst 17 
has been poisoned by the excessively large amount of 
SOx. After the removal of the particulate matters, the S- 40 
poisoning removing means is activated to remove the S 
poisoning of the NOx catalyst 1 7. 
[0068] In the above arrangement In which the partic- 
ulate matters have been removed by the time when the 
NOx catalyst 1 7 is subjected to the process to recover ^5 
the catalyst 1 7 from the S poisoning, a temperature rise 
of the particulate filter 1 8 due to heat generated by burn- 
ing of the particulate nnatters does not occur during the 
S-poisoning recovery process. Accordingly, the instant 
an-angement effectively prevent the undesirable ther- so 
mal deterioration of the particulate filter 1 8 during the 
process to recover the NOx catalyst 1 7 from the S poi- 
soning. 

[0069] Referring to the flowchart of Fig. 3, there will 
be described a control routine executed by the emission 55 
control system of the engine 1 , according to the first em- 
bodiment of the invention. 

[0070] The control routine, which consists of steps 



S301 through S304, is executed according to a control 
program stored in the ROM of the ECU 9. The control 
program is retrieved as needed by the CPU of the ECU 
9. 

[0071] The control routine of Fig. 3 is initiated with 
stepS301 to detennine whether the occlusion-reduction 
type NOx catalyst 17 has been poisoned by SOx ab- 
sorbed therein, and whether the process to recover the 
NOx catalyst 17 from the S poisoning is required. 
[0072] To pemnit the determination in step S301 as to 
whether the NOx catalyst 17 has been poisoned by the 
SOx, the ROM of the ECU 9 stores a data map (not 
shown) which represents the amounts of SOx and NOx 
absorbed in the NOx catalyst 1 7 per unit time, as a func- 
tion of the toad Te and speed Ne of the engine 1 . If the 
total amount of SOx and NOx obtained according to the 
data map and on the basis of the engine load and speed 
Te, Ne is larger than a predetemnined threshold value, 
the CPU detennlnes that the NOx catalyst 17 has been 
substantially poisoned by the SOx. If an affimiative de- 
cision (YES) Is obtained in step S301 , the control proc- 
ess proceeds to step S302. If a negative decision (NO) 
is obtained in step S301 , one cycle of execution of the 
control routine is temninated. 

[0073] In step S302, the particulate matters accumu- 
lated on the particulate filter 18 are removed to regen- 
erate the particulate filter 1 8. 

[0074] Step S302 is followed by step S303 to deter- 
mine whether the regeneration of the particulate filter 1 8 
is completed, that Is, whetherthe particulate matters ac- 
cumulated on the particulate filter 18 have been re- 
rfioved by burning. If an affinnative decision (YES) is ob- 
tained in step S303, the control process proceeds to 
step S304. If a negative decision (NO) Is obtained in step 

5303, the control process retums to step S302 to con- 
tinue the regeneration of the particulate filter 18. In step 

5304, the NOx catalyst 1 7 Is recovered from the S poi- 
soning. 

Modification 1 of First Embodiment 

[0075] The emission control system according to the 
first embodiment may further include temperature rise 
control means for controlling the temperature rise of the 
particulate filter 18 on the basis of the state of removal 
of the particulate matters by the filter regenerating 
means. 

[0076] The function of the temperature rise control 
means may be performed by the CPU of the ECU 9 ac- 
cording to a suitable application program fomnulated to 
control the temperature rise of the particulate filter 18. 
Thus, the ECU 9 is considered to serve as the temper- 
ature rise control means. 

[0077] In this modification, too, the particulate matters 
are removed by the filter regenerating means to regen- 
erate the particulate filter 16 when the S-poisoning de- 
termining means determines that the NOx absorbent of 
the NOx catalyst 1 7 has been substantially poisoned by 
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the SOx, In addition, the tennperature rise of the partic- 
ulate filter 18 is controlled by the temperature rise con- 
trol nieans, on the basis of the state In which the partic- 
ulate nnatters are removed by the filter regenerating 
means. This arrangement prevents random buming of 
the particulate matters, that is, permits controlled burn- 
ing of the particulate matters, so as to restrict an abrupt 
temperature rise of the particulate filter 1 8 due to Instan- 
taneous burning of the particulate matters. Thus, the 
present arrangement is effective to avoid thermal dete- 
rioration of the particulate filter 1 8. 

Modification 2 of First Embodiment 

[0078] The emission control system according to the 
first embodiment may further Include temperature-in- 
crease-rate control means for controlling the rate of in- 
crease of the temperature of the particulate filter 1 8, on 
the basis of the amount of the particulate matters accu- 
mulated on the particulate filter 18. 
[0079] The function of the temperature-increase-rate 
control means may be perfomried by the CPU of the ECU 
9 according to a suitable application program formulated 
to change the rate of increase of the temperature of the 
particulate filter 18 on the basis of the amount of the 
particulate matters accumulated on the particulate filter 
18, when the S-poisoning determining means deter- 
mines that the NOx absorbent of the NOx catalyst 17 of 
the filter 1 8 has been substantially poisoned by the SOx. 
Thus, the ECU 9 is considered to serve as the temper- 
ature-increase-rate control means. 
[0080] According to the present modification , the tem- 
perature of the particulate filter 1 8 is raised at a control- 
led rate that depends upon the amount of the particulate 
matters accumulated on the particulate filter 1 8, so that 
the particulate matters are gradually bumed out. That 
is, the present anrangement prevents an Instantaneous 
temperature rise of the particulate filter 18 that causes 
themial deterioration of the particulate filter 18. Thus, 
the instant an-angement Is effective to avoid the thermal 
deterioration of the particulate filter 18. 
[0081] The temperature-increase-rate control means 
is preferably arranged such that the rate of increase of 
the temperature of the particulate filter 1 8 Is Inversely 
proportional to the amount of the particulate matters. In 
other words, the rate of increase of the temperature is 
controlled such that the temperature increase rate is 
lower when the amount of the accumulate particulate 
matters is relatively large, than when the amount Is rel- 
atively smalt. 

[0082] When a relatively large amount of particulate 
matters is accumulated on the particulate filter 18, the 
particulate matters tend to be burned out instantaneous- 
ly. In the present modification, however, the rate of in- 
crease of the temperature of the particulate filter 18 is 
restricted when the amount of the accumulated particu- 
late matters is relatively large, so that a batch of the par- 
ticulate matters is prevented from being bumed In a mo- 



ment. The present arrangement is effective to prevent 
an Instantaneous temperature rise that would cause 
thermal deterioration of the particulate filter 18. 



[0083] The emission control system according to the 
first embodiment may utilize the reductant supplying 
means and reductant supply-amount control means as 

10 indicated above. In this modification, the reductant sup- 
plying means Is activated when the S-poisoning deter- 
mining means determines that the amount of SOx ab- 
sortDed in the NOx catalyst 17 is larger than a predeter- 
mined threshold value. The reductant supplying means 

15 is an-anged to initially supply or add a specified amount 
of reducing agent until the temperature of the particulate 
filter 18 Is heated to a predetennlned level, and then 
supply or add a certain amount of reducing agent that 
is greater than the above-indicated specified amount af- 

20 ter the temperature has reached the predetermined lev- 
el. 

[0084] If a relatively large amount of reducing agent 
is supplied at a time to the particulate filter 18 by the 
reductant supplying means, the particulate matters may 

25 be instantaneously burned out upon buming of the re- 
ducing agent, resulting in an abrupt rise of the temper- 
ature of the particulate filter 1 8 and consequent thermal 
deterioration of the particulate filter 18, In the present 
modification in which a relatively small amount of reduc- 

30 ing agent is Initially introduced, the amount of heat gen- 
erated by buming of the reducing agent is relatively 
small, and the particulate matters are gradually burned 
out without instantaneous burning, making It possible to 
prevent themnal deterioration of the particulate filter 1 8. 

35 The amount of the reducing agent initially supplied is 
determined so that the particulate matters have been 
burned out at a moment when the particulate filter 18 
has been heated to the predetermined temperature. Af- 
ter the particulate matters accumulated on the partlcu- 

40 late filter 18 are bumed out, the comparatively large 
amount of reducing agent is supplied for the purpose of 
removing or reducing the NOx absorbed In the NOx cat- 
alyst 1 7. This arrangement prevents thermal deteriora- 
tion of the particulate filter 1 8 due to an instantaneous 

45 burning of the particulate matters upon addition of the 
relatively large amount of reducing agent. Furthermore, 
the addition of the relatively large amount of reducing 
agent permits a temperature rise of the catalyst-carrying 
particulate filter 18 to a level high enough to recover the 

50 NOx catalyst 1 7 from the S poisoning. This temperature 
level is higher than the level at which the particulate mat- 
ters accumulated on the particulate filter 18 are re- 
moved. Thus, the present arrangement assures higher 
efficiency of the S-poisonIng recovery process. 

55 

Second Embodiment 

[0085] While the emission control system constructed 



5 Modification 3 of First Embodiment 
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according to the first embodiment is arranged to prevent 
themrial deterioration of the particular filter 1 8 by remov- 
ing the particulate matters upon determination, that the 
process to recover the NOx catalyst 1 7 from S poisoning 
. Is required and before this recovery process Is effected, 
the thermal deterioration of the particulate filter 18 can 
be prevented by determining the amount of fuel added 
by the fuel injecting nozzle 19 for removing the S poi- 
soning, while taking into account the themial energy 
generated by burning of the particulate matters, as in an 
emission control system constructed according to the 
second embodiment of the invention. 
[0086] The emission control system according to the 
second embodiment of the invention will now be de- 
scribed. 

[00871 The CPU of the ECU 9 obtains a quantity of 
fuel Qad that Is required to be Injected from the fuel In- 
jecting nozzle 1 9 to raise the temperature of the partic- 
ulate filter 18 to a final target temperature Tf at which 
the process to recover the NOx catalyst 17 from the S 
poisoning can be accomplished. The required quantity 
of fuel Qad is obtained on the basis of the operating state 
of the engine 1 , more specifically, the operating speed 
Ne and load Te of the engine 1 . The CPU also receives 
the filter-downstream exhaust gas temperature Tc gen- 
erated by the temperature sensor 1 7a. The CPU further 
obtains an estimated amount of temperature rise Tul of 
the NOx catalyst 1 7 resulting from the addition of the 
required quantity of fuel Qad. The CPU also obtains a 
pressure difference Pd' across the particulate filter 18, 
on the basis of the filter-downstream exhaust gas tem- 
perature Tc and the Intake air quiantity Ga Indicated 
above. This pressure difference Pd' will be hereinafter 
referred to as "predicted pressure difference Pd"'. The 
CPU further estimates an amount Gp of particulate mat- 
ters accumulated on the particulate filter 18, according 
to a predetermined partlculate-amount estimating data 
map (not shown) which defines a relationship between 
the amount Gp, and basic parameters which are the pre- 
dicted pressure difference Pd' across the particulate fil- 
ter 18, the fitter-downstream exhaust gas temperature 
Tc, the intake air quantity Ga and the actual pressure 
difference Pd across the particulate filter 18. The CPU 
further calculates a total amount Ep of heat or energy 
generated by burning of all of the accumulated particu- 
late matters, by multiplying the estimated amount Gp of 
particulate matters by an amount of heat generated per 
unit mass of the particulate matters. An amount of tem- 
perature rise Td of the particulate filter 1 8 by the calcu- 
lated total amount Ep of heat generated can be calcu- 
lated by dividing the total amount Ep of heat by the heat 
capacity of the particulate filter 18. Suppose "Tm" rep- 
resents an upper limit of the temperature above which 
the particulate filter 1 8 suffers from thennal or heat de- 
terioration, a highest permissible temperature Ti to 
which the temperature of the particulate filter 1 8 can be 
raised without thermal deterioration can be obtained by 
subtracting the calculated amount of temperature, rise 



Td from the upper limit temperature Tm. This highest 
pemnissible temperature Ti will be called "Instantaneous 
target temperature". Thus, the Instantaneous target 
temperature Ti is obtained by taking account of the ther- 

5 mat energy generated by burning of all the particulate 
matters which have been gradually accumulated on the 
particulate filter 18 during its service. To this end, the 
thermal energy Indicated above Is converted Into an 
amount of temperature rise of the particulate filter 18, 

10 more specifically, into an amount of temperature rise of 
the occlusion-reduction type NOx catalyst 1 7 carried on 
the particulate filter 1 8. 

[0088] A desired amount Tu2 of temperature rise re- 
quired to raise the temperature of the particulate filter 
^5 18 to the Instantaneous target temperature Ti by the fuel 
addition from the nozzle 19 is obtained by subtracting a 
difference (Tf - TI) between the final target temperature 
Tf and the Instantaneous target temperature Ti, from the 
estimated amount Tul of temperature rise by the addi- 

20 tion of the required quantity Qad of the fuel. An instan- 
taneous temperature-rise parameter Qad* is then ob- 
tained on the basis of the required fuel quantity Qad and 
a ratio of the desired amount Tu2 to the estimated 
amount Tu1 , that is, by multiplying the required quantity 

25 Qad by the above-indicated ratio Tu2/Tu1 . The instan- 
taneous temperature-rise parameter Qad* represents a 
quantity of fuel that is required to be added so as to raise 
the temperature of the particulate filter 1 8 to the instan- 
taneous target temperature Ti. 

30 [0089] The ECU 9 is arranged to detemnlne that the 
particulate filter 18 suffers from themrial deterioration or 
other defect, if a difference between the predicted pres- 
sure difference Pd' across the particulate filter 18 and 
the actual pressure difference Pd has exceeded a pre- 

35 detemriined threshold. That is, the particulate filter 1 8 is 
considered to be thermally deteriorated or otherwise de- 
fective when the actual pressure difference Pd deviates 
from the predicted value Pd' by more than the predeter- 
mined threshold upper limit. 

40 [0090] The second embodiment is different from the 
first embodiment in that the amount of fuel to be Injected 
from the fuel Injecting nozzle 19 Is determined on the 
basis of the estimated amount of the particulate matters 
which are accumulated on the particulate filter 18 and 

45 which are removed to recover the particulate filter 18. 
The amount of the fuel to be added Is detemnlned ac- 
cording to the partlculate-amount estimating data map 
stored In the ROM of the ECU 9, as described before. 
[0091 ] Referring to the flowchart of Fig. 4 and the flow- 

50 charts of Figs. 5-7 showing details of steps S402-404 of 
Fig. 4, there will be described a control routine executed 
by the emission control system for the engine 1 , accord- 
ing to the second embodiment of the Invention. 
[0092] The control routine, which consists of steps 

55 S401 through S407, is executed according to a control 
program stored in the ROM of the ECU 9. The control 
program is retrieved as needed by the CPU of the ECU 
9. 
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[0093] The control routine of Fig. 4 is initiated with 
step S401 to determine whether the occlusion-reduction 
type NOx catalyst 17 suffers from S poisoning, and 
whether the process to recover the catalyst 1 7 from the 
S poisoning is required. 

[0094] The detemnination as to whether the NOx cat- 
alyst 17 has been substantially poisoned by the SOx is 
effected by first calculating the amounts of SOx and NOx 
absorbed in the NOx catalyst 17 per unit time, according 
to the data map (not shown) stored in the ROM of the 
ECU 9 and on the basis of the load Te and speed Ne of 
the engine 1 . The calculated total amount of SOx and 
NOx is compared with the predetermined threshold val- 
ue, to determine whether the NOx catalyst 1 7 has been 
substantially poisoned by SOx. If an affinnative decision 
(YES) is obtained In step S401 , the control process pro- 
ceeds to step S402. If a negative decision (NO) Is ob- 
tained In step 5401 , one cycle of execution of the control 
routine of Fig. 4 is terminated. 

[0095] in step S402, the amount Gp of particulate 
matters accumulated on the particulate filer 18 Is esti- 
mated according to a routine illustrated in the flowchart 

of Fig. 5. 

[0096] The routine of Fig. 5, which consists of steps 
S501-S505» is executed by the CPU of the ECU 9 ac- 
cording to a control program stored in the ROM of the 
ECU 9. The routine of Fig. 5 is retrieved by the CPU as 
needed. 

[0097] The routine of Fig. 5 is initiated with step 8501 
to measure the pressures on the opposite sides of the 
particulate filter 1 8, on the basis of the output signals of 
the pressure sensors 120, 130 which are disposed im- 
mediately upstream and downstream of the particulate 
filter 18, respectively. Then, the actual pressure differ- 
ence Pd across the particulate fitter 1 8 is calculated on 
the basis of the measured pressures. 
[0098] Then, the control process proceeds to step 
S502 to obtain the predicted pressure difference Pd' 
across the particulate filter 18 on the basis of the filter- 
downstream exhaust gas temperature To measured by 
the exhaust-gas temperature sensor 17a and the Intake 
air quantity Ga measured by the airflow meter 6. 
[0099] Step S503 is then executed to determine 
whether a difference (Pd* - Pd) between the predicted 
and actual pressure differences Pd' and Pd Is larger than 
zero (0), that is, whether the predicted pressure differ- 
ence Pd' is larger than the actual pressure difference 
Pd. If an affirmative decision (YES) is obtained in step 
8503, the control process proceeds to step S504. If a 
negative decision (NO) is obtained in step S503, the 
control process proceeds to step S505. 
[0100] Step S504 is then executed to estimate the 
amount Gp of the particulate matters accumulated on 
the particulate filter 1 8, accordlngto the above-indicated 
particulate-amount estimating data map stored in the 
ROM of the ECU 9 and on the basis of the measured 
filter-downstream exhaust gas temperature Tc, the 
measured intake air quantity Ga and the predicted and 



actual pressure differences Pd' and Pd. It will be under- 
stood that a portion of the ECU 9 assigned to execute 
step S504 constitutes particulate-amount detecting 
means for detecting the amount of the particulate mat- 
s ters accumulated on the particulate filter 18. The ECU 
9 including the ROM storing the routine of Fig. 5 includ- 
ing step S504 is considered to constitute the particulate- 
amount detecting means. 

[0101] Step S505 is executed to determine whether 

10 the difference (Pd' - Pd) obtained In step S503 is smaller 
than zero, namely, assumes a negative value, and 
whether the absolute value of this difference is larger 
than a predetermined threshold value. That is, step 
S505 is provided to determine whether a difference (Pd 

IS - Pd") is greater than a predetemnined threshold value. 
If this determination is affinnative, it is detemnined that 
the particulate filter 18 is deteriorated or defective. In 
this case, the process to recover the NOx catalyst 17 
from the S poisoning is temninated. It will be understood 

20 that a portion of the ECU 9 assigned to execute step 
S505 constitutes recovery process terminating means 
for terminating the process to recover the NOx catalyst 
16 from the S poisoning. The ECU 9 including the ROM 
storing the routine of Fig. 5 including step S505 is con- 

25 sidered to constitute the recovery process terminating 
means. 

[0102] The predetennined threshold value used in 
step S505 is a value of the difference (Pd - Pd*) above 
which the particulate filter 1 8 is considered deteriorated 

30 or defective. 

[0103] Refemng back to the control routine of Fig. 4, 
step S402 for obtaining the. estimated amount Gp of the 
particulate matters is followed by step S403 to calculate 
the instantaneous target temperature Ti. 

35 [01 04] In step S403, the instantaneous target temper- 
ature Ti is calculated according to a routine illustrated in 
the flowchart of Fig. 6. 

[0105] The routine of Fig. 6, which consists of steps 
S601-S604, Is executed by the CPU of the ECU 9 ac- 
40 cording to a control program stored in the ROM of the 
ECU 9. The routine of Fig. 6 is retrieved by the CPU as 
needed. 

[0106] The routine of Fig. 6 is initiated with step S601 
to estimate the amount Gp of the particulate matters ac- 
45 cumulated on the particulate filter 1 8, In the same man- 
ner as described above with respect to step S504 of Fig . 
5. 

[0107] Then, the control process proceeds to step 
S602 to calculate a total amount Ep of heat (themnal en- 

50 ergy) to be generated by burning of an entire batch of 
the particulate matters. This total amount Ep is calculat- 
ed by multiplying the estimated amount Gp of the par- 
ticulate matters obtained in step S602. by an amount of 
heat generated per unit mass of the particulate matters. 

55 The amount of heat generated per unit mass of the par- 
ticulate matters is obtained by experimentation and 
stored in the ROM. 

[0108] Then, step S603 is executed to calculate the 
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amount Td of temperature rise of the NOx catalyst 17 
by dividing the total amount Ep of generated heat ob- 
tained in step S602. by the heat capacity of the particu- 
late filter 18. The heat capacity is obtained by experi- 
mentation and stored in the ROM. 
[0109] Step S603 is followed by step S604 to calcu- 
late the instantaneous target tennperature Ti by subtract- 
ing the estimated amount Td of temperature rise from 
the upper limit temperature Tm above which the partic- 
ulate filter 18 is thermally deteriorated. 
[0110] Referring back to the control routine of Fig. 4, 
step S403 is followed by step S404 to calculate the in- 
stantaneous temperature-rise parameter Qad' as indi- 
cated, above, according to a routine illustrated in the 
flowchart of Fig. 7. 

[0111 J The routine of Fig. 7, which consists of steps 
S701-S704, is executed by the CPU of the ECU 9 ac- 
cording to a control program stored in the ROM of the 
ECU 9. The routine of Fig. 7 is retrieved by the CPU as 
needed. 

[01 1 2] The routine of Fig. 7 is initiated with step S701 
to calculate the required quantity Qad of the fuel that is 
required to be added or injected from the fuel injecting 
nozzle 19, to raise the temperature of the particulate fil- 
ter 1 8 to the final target temperature Tf at which the proc- 
ess to recover the filter 1 8 from the S poisoning can be 
effected.'this required quantity Qad of the fuel is calcu- 
lated on the basis of the operating state of the engine 1 . 
[0113] Then, step S702 is executed to obtain the es- 
timated amount Tu1 of temperature rise of the particu- 
late filter 18 by adding the fuel in the required quantity 
Qad obtained in step S701 . 

[0114] The control process then proceeds to step 
S703 to obtain the desired amount Tu2 of temperature 
rise of the particulate filter 18, which is required to raise 
the temperature of the filter 1 8 to the instantaneous tar- 
get temperature Ti by the fuel addition by means of the 
fuel injecting nozzle 19. The desired amount Tu2 of tem- 
perature rise is obtained by subtracting the difference 
(Tf - TI ) from the estimated amount Tu 1 of temperature 
rise due to addition of the fuel quantity Qad. 
[0115] Step S704 is then executed to obtain the in- 
stantaneous temperature-rise parameter Qad', by mul- 
tiplying the fuel quantity Qad by a ratio of the desired 
amount Tu2 of temperature rise (obtained In step S703) 
to the estimated amount Tul of temperature rise. The 
instantaneous temperature-rise parameter Qad' repre- 
sents a currently required quantity of fuel that is to be 
added to raise the temperature to the instantaneous tar- 
get temperature Ti. 

[0116] Step 8404 of Fig. 4 is followed by step S405 
to determine whether the Instantaneous target temper- 
ature Ti calculated in step 3604 becomes equal to the 
final target temperature Tf. In other words, it Is deter- 
mined in step S405 whether the particulate matters have 
been completely burned out by repeated execution of 
step S406 which will be described. If an affimnative de- 
cision (YES) is obtained in step S405, the control proc- 



ess proceeds to step S407. If a negative decision (NO) 
is obtained in step S406, the control process proceeds 
to step S406. 

[0117] In step S406 . the temperature of the particulate 
5 filter 1 8 is raised for a predetermined period of time. 
Steps S405 and S406 are repeatedly executed until the 
affirmative decision (YES) is obtained in step S405, that 
is, until the instantaneous target temperature Ti be- 
comes equal to the final target temperature Tf . 
10 [0118] In step S407, the process to recover the NOx 
catalyst 1 7 from the S poisoning Is performed on the as- 
sumption that the particulate matters have been com- 
pletely burned out and no temperature rise of the filter 
1 8 due to burning of the particulate matters takes place. 
Thus, the control routine of Fig. 4 is completed. 
[01 19] In the second embodiment, the recovery-proc- 
ess terminating means is activated to terminate or inhibit 
the process to recover the NOx catalyst 1 7 from the S 
poisoning when the particulate-amount detecting 
means detemriines that the amount of the accumulated 
particulate matters is larger than the predetermined 
threshold value. In this case, the particulate matters are 
removed by burning or oxidization, and then the S-poi- 
soning recovery process is implemented by the S-poi- 
soning recovery means, so that the particulate filter 18 
is protected from thermal deterioration due to an exces- 
sive temperature rise of the exhaust gas by burning of 
an excessively large amount of the particulate matters. 
[0120] It wilt be understood that the emission control 
system according to the principle of the present inven- 
tion is arranged to remove the particulate matters accu- 
mulated on the catalyst-carrying particulate filter 1 8, be- 
fore the process to recover the NOx catalyst 1 8 from the 
S poisoning at an elevated temperature, so that the par- 
ticulate filter 18 is prevented from being thermally dete- 
riorated due to a temperature rise by burning of the par- 
ticulate matters such as soot during the S-poisonIng re- 
covery process. 

[0121] An emission control system for an internal 
combustion engine (1) includes a filter that collects par- 
ticulates contained in an exhaust gas, and carries an 
NOx absorbent (17) thereon, fitter regenerating means 
(9) tor regenerating the filter by removing the particu- 
lates accumulated on the filter, S-poisoning detemilning 
means (9) for deteminlng whether the NOx absorbent 
is in a condition of S poisoning due to absorption of SOx 
contained in the exhaust gas, and S-poisoning recovery 
means (9) for recovering the NOx absorbent from S poi- 
soning. In the emission control system, when the S-poi- 
soning detemiining means determines that the NOx ab- 
sorbent is in the condition of S poisoning, the filter re- 
generating means is activated to remove the particu- 
lates, and the S-poisonIng recovery means is then acti- 
vated to recover the NOx absorbent from S poisoning 
after removal of the particulates. 
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Claims 

1 . An emission control system for an intemal combus- 
tion engine (1). comprising: 

a filter (18) that collects particulates contained 
in an exhaust gas, and cames an NOx absorb- 
ent (1 7) thereon, the NOx absorbent absorbing 
NOx contained in the exhaust gas when an air- 
fuel ratio of the exhaust gas is lean, and releas- 
ing the absorbed NOx when an oxygen concen- 
tration of the exhaust gas is reduced; 
filter regenerating means (9, S302) for regen- 
erating the filter by removing the particulates 
accumulated on the filter; 
S-poisoning detennining means (9, S301) for 
determining whether the NOx absorbent Is In a 
condition of S poisoning due to absorption of 
SOx contained in the exhaust gas, in addition 
to the NOx; and 

S-poisoning recovery means (9, S304) for re- 
covering the NOx absorbent from S poisoning, 
wherein 

when the S-poisoning determining 
means determines that the NOx absorbent is in 
the condition of S poisoning, the filter regener- 
ating means is activated to remove the partic- 
ulates, and the S-poisoning recovery means Is 
then activated to recover the NOx absorbent 
from S poisoning after removal of the particu- 
lates. 

2. An emission control system for an internal combus- 
tion engine (1), comprising: 

a filter (18) that collects particulates contained 
in an exhaust gas, and carries an NOx absorb- 
ent (1 7) thereon, the NOx absorbent absorbing 
NOx contained in the exhaust gas when an air- 
fuel ratio of the exhaust gas Is lean, and releas- 
ing the absorbed NOx when an oxygen concen- 
tration of the exhaust gas Is reduced; 
filter regenerating means (9) for regenerating 
the filter by removing the particulates accumu- 
lated on the filter; 

S-polsonIng detemnining means (9) for deter- 
mining whether the NOx absorbent is in a con- 
dition of S poisoning due to absorption of SOx 
contained in the exhaust gas, in addition to the 
NOx; and 

temperature rise control means (9) for control- 
ling a temperature rise of the filter based on a 
state of removal of the particulates by the filter 
regenerating means, when the S-poisoning de- 
termining means determines that the NOx ab- 
soriDent is in the condition of S poisoning. 

3. An emission control system for an internal combus- 



tion engine (1), comprising: 

a filter (1 8) that collects particulates contained 
in an exhaust gas, and carries an NOx absorb- 

s ent (1 7) thereon, the NOx absorbent absoriDing 

NOx contained in the exhaust gas when an air- 
fuel ratio of the exhaust gas is lean, and releas- 
ing the absort^ed NOx when an oxygen concen- 
tration of the exhaust gas is reduced; 

^0 filter regenerating means (9) for regenerating 

the filter by removing the particulates accumu- 
lated on the filter; 

S-poisoning determining means (9) for deter- 
mining whether the NOx absorbent is in a con- 
is dition of S poisoning due to absorption of SOx 

contained in the exhaust gas, in addition to the 
NOx; and 

temperature-increase-rate control means (9) 
for controlling a rate of increase of a tempera- 
^0 ture of the filter based on an amount of the par- 

ticulates accumulated on the filter, when the S- 
poisonlng determining means detemnines that 
the NOx absorbent is in the condition of S poi- 
soning. 

25 

4. An emission control system according to claim 3, 
wherein the temperature-increase-rate control 
means controls the rate of increase of the temper- 
ature of the fitter such that the rate of increase is 

30 inversely proportional to the amount of the particu- 
lates accumulated on the filter. 

5. An emission control system for an internal combus- 
tion engine (1), comprising: 

35 

a filter (18) that collects particulates contained 
In an exhaust gas, and carries an NOx absori^- 
ent (1 7) thereon, the NOx absorbent absorbing 
NOx contained In the exhaust gas when an air- 
40 fuel ratio of the exhaust gas is lean, and releas- 

ing the absortDed NOx when an oxygen concen- 
tration of the exhaust gas is reduced; 
filter regenerating means (9) for regenerating 
the filter by removing the particulates accumu- 
lated on the filter; 

S-polsoning detemnining means (9) for deter- 
mining whether the NOx absorbent is in a con- 
dition of S poisoning due to absorption of SOx 
contained in the exhaust gas, in addition to the 
so NOx; 

reductant supplying means (12, 19, 20, 21 , 22) 
for supplying a reducing agent for reducing 
NOx, toward the filter that carries the NOx ab- 
sorbent; and 

55 reductant supply-amount control means (9) for 

controlling a supply amount of the reducing 
agent, such that when the S-polsonIng deter- 
mining means detennines that an amount of 
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SOx absorbed in the NOx absorbent is greater 
than a predetermined value, a first amount of 
the reducing agent is supplied from the reduct- 
ant supplying means until a temperature of the 
filter reaches a predetermined level, and such 5 
that a second amount of the reducing agent that 
is larger than the first amount is supplied from 
the reductant supplying means after the tem- 
perature of the filter reaches the predetennined 
level. ,o 



6. An emission control system for an internal combus- 
tion engine (1). comprising: 



means (9. S403) for calculating an Instantane- 
ous target temperature based on the amount of 
the particulates estimated by the particulate- 
amount estimating means, such that a temper- 
ature of the filter can be raised to the instanta- 
neous target temperature without causing ther- 
mal deterioration of the filter even if all of the 
accumulated particulates are burned out; 
means (9,S406) for raising the temperature of 
the filter for a predetermined period of time If 
the instantaneous target temperature is lower 
than a final target temperature at which a proc- 
ess to recover the NOx absorbent from S poi- 
soning can be carried out. 

8. An emission control system according to claim 7, 
wherein the partlculate-amount estimating means 
estimates the amount of the particulates accumu- 
lated on the filter, based on at least an actual pres- 
sure difference across the filter, and a predicted 
pressure difference across the filter which Is pre- 
dicted based on an exhaust gas temperature meas- 
ured downstream of the filter and an Intake air quan- 
tity. 

9. An emission control system according to claim 7 or 
8, wherein the instantaneous target temperature 
calculating means calculates the instantaneous tar- 
get temperature, taking account of a thermal energy 
generated by burning of all of the particulates accu- 
mulated on the filter, and a temperature rise of the 
filter resulting from the thennal energy. 

10. A method for controlling an emission control system 
for an internal combustion engine (1), which In- 
cludes a filter (18) that collects particulates con- 
tained in an exhaust gas, and carries an NOx ab- 
sorbent (1 7) thereon, the NOx absoriDent absorbing 
NOx contained in the exhaust gas when an air-fuel 
ratio of the exhaust gas is lean, and releasing the 
absorbed NOx when an oxygen concentration of the 
exhaust gas Is reduced, comprising the steps of: 

regenerating the filter by removing the particu- 
lates accumulated on the filter; 
determining whether the NOx absoriDent is In a 
condition of S poisoning due to absorption of 
SOx contained in the exhaust gas, In addition 
to the NOx; and 

recovering the NOx absoriDent from S poison- 
ing, wherein 

when it is detennlned that the NOx absorbent 
is In the condition of S poisoning, the step of 
regenerating the filter is executed to remove the 
particulates, and the step of recovering the NOx 
absoriDent is then activated to recover the NOx 
absorbent from S poisoning after removal of the 
particulates. 



a filter (1 8) that collects particulates contained is 
in an exhaust gas, and cames an NOx absorit)- 
ent (17) thereon, the NOx absoriDent absorbing 
NOx contained In the exhaust gas when an air- 
fuel ratio of the exhaust gas is lean, and releas- 
ing the absorbed NOx when an oxygen concen- 20 
tration of the exhaust gas is reduced; 
particulate-amount estimating means (9. S504) 
for estimating an amount of the particulates ac- 
cumulated on the filter; 

S-poisonIng recovery means (9) for recovering 25 
the NOx absoriDent from S poisoning when the 
NOx absoriDent is in a condition of S poisoning 
due to absorption of SOx contained in the ex- 
haust gas, In addition to the NOx: and 
recovery process terminating means (9, S505) 30 
for terminating an S-poisoning recovery proc- 
ess effected by the S-poisoning recovery 
means, when the amount of the accumulated 
particulates detected by the particu late-amount 
detecting means is largerthan a predetermined 3s 
value. 

7. An emission control system for an internal combus- 
tion engine (1), comprising: 

40 

a filter (18) that collects particulates contained 
in an exhaust gas, and cames an NOx absori> 
ent (1 7) thereon, the NOx absoriDent absoriDing 
NOx contained in the exhaust gas when an air- 
fuel ratio of the exhaust gas is lean , and releas- 43 
Ing the absorbed NOx when an oxygen concen- 
tration of the exhaust gas is reduced; 
S-poisoning determining means (9, S401) for 
determining whether the NOx absorbent is in a 
condition of S poisoning due to absorption of so 
SOx contained in the exhaust gas, in addition 
to the NOx; 

partlculate-amount estimating means (9, S402) 
for estimating an amount of the particulates ac- 
cumulated on the filter, when the S-poisonIng ss 
determining means determines that the NOx 
absoriDent is in the condition of S poisoning; 
instantaneous target temperature calculating 
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1 1 . A method for controlling an emission control system 
for an internal combustion engine (1). which in> 
eludes a filter (1 8) that collects particulates con- 
tained in an exhaust gas. and carries an NOx ab- 
sorbent (1 7) thereon, the NOx absorbent absorbing 
NOx contained in the exhaust gas when an air-fuel 
ratio of the exhaust gas is lean, and releasing the 
absorbed NOx when an oxygen concentration of the 
exhaust gas is reduced, comprising the steps of: 

regenerating the filter by removing the particu- 
lates accumulated on the filter; 
determining whether the NOx absorbent is in a 
condition of S poisoning due to absorption of 
s6x contained in the exhaust gas, in addition 
to the NOx; and 

controlling a temperature rise of the filter based 
on a state of removal of the particulates, when 
it is detennined that the NOx absorbent is in the 
condition of S poisoning. 

12. A method for control ling an emission control system 
for an internal combustion engine (1), which in- 
cludes a filter (18) that collects particulates con- 
tained in an exhaust gas, and carries an NOx ab- 
sorbent (1 7) thereon, the NOx absorbent absorbing 
NOx contained in the exhaust gas when an air-fuel 
ratio of the exhaust gas is lean, and releasing the 
absorbed NOx when an oxygen concentration of the 
exhaust gas is reduced, comprising the steps of: 

regenerating the filter by removing the particu- 
lates accumulated on the filter; 
determining whether the NOx absorbent is in a 
condition of S poisoning due to absorption of 
SOx contained in the exhaust gas, In addition 
to the NOx; and 

controlling a rate of increase of a temperature 
of the filter based on an amount of the particu- 
lates accumulated on the filter, when it is deter- 
mined that the NOx absorbent is In the condi- 
tion of S poisoning. 

13. A method according to claim 12, wherein the rate 
of increase of the temperature of the filter Is control- 
led such that the rate of Increase is Inversely pro- 
portional to the amount of the particulates accumu- 
lated on the filter. 

14. A method for controlling an emission control system 
for an internal combustion engine (1), which in- 
cludes a filter (18) that collects particulates con- 
tained in an exhaust gas, and carries an NOx ab- 
sorbent (17) thereon, the NOx absorbent absorbing 
NOx contained in the exhaust gas when an air-fuel 
ratio of the exhaust gas is lean, and releasing the 
absorbed NOx when an oxygen concentration of the 
exhaust gas is reduced, comprising the steps of: 



regenerating the filter by removing the particu- 
lates accumulated on the filter; 
detemnining whether the NOx absorbent Is in a 
condition of S poisoning due to absorption of 
s SOx contained in the exhaust gas, in addition 

to the NOx; 

supplying a reducing agent for reducing NOx, 
toward the filter that carries the NOx absorbent; 
and 

controlling a supply amount of the reducing 
agent, such that when it is detennined that an 
amount of SOx absorbed in the NOx absorbent 
is greater than a predetermined value, a first 
amount of the reducing agent Is supplied until 
'5 a temperature of the filter reaches a predeter- 

mined level, and such that a second amount of 
the reducing agent that Is larger than the first 
amount is supplied after the temperature of the 
filter reaches the predetermined level. 

20 

15. A method for controlling an emission control system 
for an internal combustion engine (1), which in- 
cludes a filter (18) that collects particulates con- 
tained in an exhaust gas, and carries an NOx ab- 

25 sorbent (1 7) thereon, the NOx absorbent absorbing 
NOx contained in the exhaust gas when an air-fuel 
ratio of the exhaust gas is lean, and releasing the 
absorbed NOx when an oxygen concentration of the 
exhaust gas is reduced, comprising the steps of: 

30 

estimating an amount of the particulates accu- 
mulated on the filter; 

recovering the NOx absorbent from S poison- 
ing when the NOx absorbent is In a condition of 

3S S poisoning due to absorption of SOx contained 

in the exhaust gas, in addition to the NOx; and 
terminating a process to recover the NOx ab- 
sorbent from S poisoning, when the amount of 
the accumulated particulates Is larger than a 

^0 predetermined value. 

16. A method for controlling an emission control system 
for an intemal combustion engine (1), which in- 
cludes a fitter (18) that collects particulates con- 

45 tained in an exhaust gas, and carries an NOx ab- 
sorbent (17) thereon, the NOx absorbent absorbing 
NOx contained in the exhaust gas when an air-fuel 
ratio of the exhaust gas is lean, and releasing the 
absorbed NOx when an oxygen concentration of the 
so exhaust gas is reduced, comprising the steps of: 

determining whether the NOx absorbent is in a 
condition of S poisoning due to absorption of 
SOx contained in the exhaust gas, in addition 
55 to the NOx; 

estimating an amount of the particulates accu- 
mulated on the filter, when it is detennined that 
the NOx absorbent is in the condition of S poi- 
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soning; 

calculating an instantaneous target tempera- 
ture based on the estimated amount of the ac- 
cumulated particulates, such that a tempera- 
ture of the filter can be raised to the instanta- 5 
neous target temperature without causing ther- 
mal deterioration of the filter even if all of the 
accumulated particulates are burned out; 
raising the temperature of the filter for a prede- 
temriined period of time if the instantaneous tar- io 
get temperature is lower than a final target tem- 
perature at which a process to recover the NOx 
absorbent from S poisoning can be carried out. 

17. A method for controlling an emission control system is 
according to claim 16, wherein the amount of the 
particulates accumulated on the filter is estimated 
based on at least an actual pressure difference 
across the filter, and a predicted pressure difference 
across the filter which is predicted based on an ex- 20 
haust gas temperature measured downstream of 

the filter and an intake air quantity. 

18. An emission control system according to claim 16 
or 17, wherein the instantaneous target tempera- 
ture Is calculated, taking account of a thermal ener- 
gy generated by burning of all of the particulates ac- 
cumulated on the filter, and a temperature rise of 
the filter resulting from the themrial energy. 



3NS£)OCID: <EP 1174800A2J_> 



16 



EP 1 174 600 A2 




BNSDOCID: <EP 1174e00A2_L> 



17 



EP1 174 600 A2 




EP 1 174 600 A2 



F I G. 3 



( START 




( END ) 



19 



EP1 174 600 A2 



FI G. 4 



( START ) 



1401 



^„ >-POINSONING\ NO 
RECOVERY process: 
4$ REQUIRED 



^^^9yrE AMOUNT Gp OF 
ACCUMULATED PAR-ficULATE 
MATTPRS 




1 


CALCULATE INSTANTANEOUS 1 
TARGET TEMPERATURE Ti \ 




f 


CALCULATE TEMPERATURE-RISE I 
PARAMETER Qad' \ 


\ 


1 ^405 



-S402 




S403 



S404 




406 



RAISE TEMPERATURE 
OF PARTICULAE 
RLTER FOR A 
PREDETERMINED TIME 



S-POISONING RECOVERY 
CONTROL 



-S407 



( END ^ 



3NSDC«ID: <EP 1 174600A2_L> 



20 



EP1 174 600 A2 



FI G. 5 



CALCULATE ACTUAL PRESSURE DIFFERENCE 
Pd ACROSS PARTICULATE RLTER 



OBTAIN PREDICTED PRESSURE DIFFERENCE 
Pd" ACROSS PARTICULATER ON THE BASIS 
OF RLTER (CATALYST) TEMPERATURE Tc 
AND INTAKE AIR QUANTITY Ga 



NO 




S503 



ESTIMATE AMOUNT Gp OF ACCUMULATED 
PARTICULATE MATTERS ON THE BASIS 
OF Tc. Ga. Pd AND Pd' AND ACCORDING TO 
PARTICULATE-ESTIMATING DATA MAP 



DETERMINE THAT NOx CATALYST IS 

ABNORMAL (DETERIORATED) AND 

STOP S-POISONING RECOVERY PROCESS. 

IF DIFFERENCE (Pd-Pd ) IS LARGER THAN 
PREDETERMINED VALUE 



> S501 



S502 



S504 



-S505 



21 



EP 1 174 600 A2 



FI G. 6 



ESTIM ATEAMOUNT Gp OF 

ACCUMUUVTED PARTICULATE 
MATTERS 



^S601 



CALCUL>\TE TOTAL AMOUNT Ep OF — 

?lilf-^I?P "^^"T- BY MULTIPLYING 
ESTIMATED AMOUNT Gp BY AMOUNT 
OF HEAT GENERATED PER UNIT MASS 
OF PARTICULATE MATTERS 



s>^S602 



CALCULATE AMOUNT OF TEMPERATIJRF 

E^BV;3FMLT?rS^'-^^^"^^^^^ 
FILTER CAPACITY OF PARTICULATE 



S603 



CALCULATE INSTANTANEOUS TARGET 
TEMPERATURE Ti Ti=Tm-Td 



S604 



22 



EP 1 174 600 A2 



FI G. 7 



08ATIN FUEL ADDITION QUANTITY 
Qad REQUIRED TO ESTABUSH 
TARGET FINAL TEMPERATURE Tf. ON 
THE BASIS OF ENGINE SPEED Ne. 
ENGIME-LQS^Dlil^Em^ 



OBTAIN ESTIMATED AMOUNT Tul OF 
TEMPERATURE RISE BY ADDITION OF 
FUEL QUANTITY Qad 



OBTAIN ESTIMATED AMOUNT OF 
TEMPERATURE RISE Tu2 Tu2=Tu1-(Tf-Ti) 



OBTAIN INSTANTANEOUS TEMPERATURE- 
RISE PARAMETER Qad'=Qad*(Tu2/Tul) 



S703 



S704 



23 



mno) 



(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(11) EP 1 174 600 A3 

EUROPEAN PATENT APPLICATION 



(88) Date of publication A3: 

18.06^003 Bulletin 2003/25 

(43) Date of publication A2: 

23.01.2002 Bulletin 2002/04 



(51) intci7: F01N3/08, F01 N 3/20, 
F01N 9/00, B01D 46/00, 
B01D 53/04, F01N 11/00, 
F02D 41/02 



(21) Application number: 01117473.7 

(22) Date of filing: 19.07.2001 



(84) Designated Contracting States: 


• Ishiyama, Shinobu 


AT BE CH CY DE DK ES Fl PR GB GR IE IT LI LU 


Toyota-Shi, Aichi-ken 471-8571 (JP) 


MC NL PT SETR 


• Ohtsubo, Yasuhiko 


Designated Extension States: 


Toyota-shI, Alchi-ken 471-8571 (JP) 


AL LT LV MK RO SI 


• Magarlda, Naofumi 




Toyota-shI, Aichi-ken 471-8571 (JP) 


(30) Priority: 21.07.2000 JP 2000221548 


• Shibata, Daisuke 




Toyota-Shi, Aichi-ken 471-6571 (JP) 


(71) Appiicant: TOYOTA JIDOSHA KABUSHIKI 


• NegamI, Akihiko 


KAISHA 


Toyota-shi, Aichi-ken 471-8571 (JP) 


Aichl-ken 471-8571 (JP) 


• Oda, Tomihisa 




Toyota-shI, Alchi-ken 471-8571 (JP) 


(72) Inventors: 


• Harada, Yasuo 


• KobayashI, MasaakI 


Toyota-shi, Aichi-ken 471-8571 (JP) 


Toyota-Shi, Aichl-ken 471-8571 (JP) 


• Ono, TomoyukI 


• Matsushita, Soulchi 


Toyota-shi, Aichl-ken 471-8571 (JP) 


Toyota-shI, Aichl-ken 471-8571 (JP) 




• Taukasaki, Yukihiro 


(74) Representative: 


Toyota-Shi, Aichl-ken 471-8571 (JP) 


Leson, Thomas Johannes Alois, Dipt.-lng. 


• Matsuoka, liiroki 


Tiedtke-Biihiing-Klnne & Partner QbR, 


Toyota-shI, Aichl-ken 471-8571 (JP) 


TBK-Patent, 


• IHayashi, Kotaro 


Bavariaring 4 


Toyota-Shi, Alchi-ken 471-8571 (JP) 


80336 IMOnchen (DE) 



CO 

< 



CO 



Q. 



(54) Emission control system and method of internal combustion engine 



(57) An emission control system for an internal com- 
bustion engine (1) includes a filter that collects particu- 
lates contained In an exhaust gas, and carries an NOx 
absorbent (1 7) thereon, filler regenerating means (9) for 
regenerating the filter by removing the particulates ac- 
cumulated on the filter, S-poisoning determining means 
(9) for detennining whether the NOx absorbent is in a 
condition of S poisoning due to absorption of SOx con- 
tained in the exhaust gas, and S-poisoning recovery 
means (9) for recovering the NOx absorbent from S poi- 
soning. In the emission control system, when the S-poi- 
soning detemnining means detemnines that the NOx ab- 
sorbent is in the condition of S poisoning, the filter re- 
generating means is activated to remove the particu- 
lates, and the S-poisoning recovery means is then acti- 
vated to recover the NOx absorbent from S poisoning 
after removal of the particulates. 
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